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I N T R O D U C T I O N . 
The e f f e c t i v e use of mans potent ia l fadd resources to meet the 
increas ing food demands, must ul t imately depend on maximizing the 
e f f i c i e n c y of crop management po l i cy . 
I t i s c l e a r that management pol icy for animal "crops" must be 
designed with the following two aims i n mind: 1) to match the optimum 
stocking rate to the long term carry ing capacity of the habitat , 
together with manipulation of the habitat to r a i s e the capaci ty; 
2) to adjust the cropping l e v e l to f a c i l i t a t e maximum sustainable 
y i e l d without depleting e i ther the habitat or crop species . Before 
we can e f f e c t i v e l y manipulate e i ther the environment or the crop to 
s a t i s f y these two aims, we must f i r s t have precise knowledge of the 
funct ional ro le of the crop species wi th in the ecosystem framework and 
i t s part i n promoting energy flow through the system. This approach 
w i l l enable us to define the rate at which energy i s required by the 
crop species from i t s food sources, the rate at which energy i s passed 
to other trophic l e v e l s (both carnivore and d e t r i t i v o r e ) and even more 
important to make a quant i tat ive estimate of crop mortal i ty by 
predation. This w i l l provide an ind ica t ion of the o v e r a l l e f f ec t iveness 
of crop production. 
I t i s hoped that the method of approach outl ined i n the d i s s e r t a t i o n 
would be applicable to any secondary or t e r t i a r y producer which i s a 
potent ia l crop species . Three basic prerequis i t e s are needed for a 
study of t h i s nature: 
l ) Laboratory inves t igat ions , under as near natura l conditions as 
poss ible , of growth c h a r a c t e r i s t i c s and energy budget of the chosen 
species . This w i l l also provide information on food requirements and 
conversion e f f i c i e n c i e s . 
t 2 JUN 1975 
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2) F i e l d inves t igat ions of crop production and the impact of 
the crop species on i t s food. 
3) F i e l d estimates of predation and other mortal i ty of the 
species to measure e f fec t iveness of production. 
I chose to study a pond population of the three-spined s t i c k l e -
back (Gasterosteus aculeatus) , to inves t igate the s i gn i f i cance of 
t h i s f i s h i n the pond ecosystem and the magnitude of energy flow 
through the f i s h population. I t i s not suggested that the s t i c k l e -
back i s a potent ia l food source for man, but only that i t i s a 
species which lends i t s e l f r ead i ly to experimental manipulation and 
hence can be used to evolve general ly applicable theor ies . The data 
obtained on the re la t ionsh ip between Gasterosteus and i t s ecosystem 
i s used to pose the t h e o r e t i c a l problem of r a i s i n g s t i ck leback 
product iv i ty a r t i f i c i a l l y . 
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C H A P T E R I 
THE ENERGY BUDGET. 
For any ind iv idua l species population, or trophic l e v e l , an 
energy budget may be wr i t ten of the form: 
c = A + F 
and A = A B + R + U 
where C ~ c a l o r i e s ingested / un i t time 
A = c a l o r i e s ass imi lated / un i t time 
F = c a l o r i e s of faeces / un i t time 
Z\ B = c a l o r i f i c change i n biomass / un i t time 
R = c a l o r i e s used i n metabolism / un i t time 
U = c a l o r i e s excreted i n urine / uni t time 
This has been applied to f i s h by Warren & Davis (1967). 
I t has been ca lculated by I v l e v (1945) that energy l o s t by 
kidney and g i l l excret ion (U) i s smal l . Winberg (1956) argued that 
an e r r o r of l e s s than Z% of the energy value of food consumed could 
be expected i f metabolic wastes excreted i n t h i s manner were comp-
l e t e l y disregarded. I t was therefore considered reasonable to omit 
considerations: of t h i s parameter i n the present study. 
1) Measurement of food; consumption and other energy parameters;. 
Several methods have been used to estimate the rates of food 
consumption by f i s h i n the w i l d . Winberg (1956) and Mann (1964) 
assumed that metabolic expenditure of f i s h i n the f i e l d was approxim-
ately twice that of metabolism measured i n the laboratory. Assimilated 
energy requiranents i n the f i e l d were ca lculated by adding the energy 
value of weight increase to that of twice the routine metabolic r a t e . 
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Consumed energy was then deduced by assuming that the ass imi latory 
e f f i c i e n c y of consumed food i n the f i e l d was 80$. F a i l u r e to provide 
a r i g i d d e f i n i t i o n of "routine" metabolic rate must r e s t r i c t the use 
of t h i s technique i n duplicate experiments on other f i s h species or i n 
other laborator ies . S i m i l a r l y , no consideration appears to have been 
given to possible changes i n metabolic rate through the twenty four 
hour period. C i r c a d i a n rhythms of metabolism are commonplace i n 
vertebrates . The doubtful v a l i d i t y of predict ing average energy 
requirements over a long period of time from short-term measurements 
of metabolic rates i s also a major shortcoming of the method adopted 
by Bajkov (1935). This involved the capture of a f a i r l y large group 
of f i s h i n the w i l d . By sampling from t h i s group at regular i n t e r v a l s 
of time, the rate of disappearance of food from the stomach could be 
measured. This was claimed to give an ind ica t ion of the amount of 
food eaten per day. A f a r more r e a l i s t i c value would have been 
obtained had the method been modified by feeding to a wi ld population 
food "labelled" wi th e i ther a radioact ive isotope or an ind ica tor 
species for a b r i e f period of time. Periodic removal of samples from 
the na tura l habi tat with a minimum of disturbance could then have 
shown the rate of movement of food through the gut under natura l 
condit ions. C l e a r l y , samples should have been taken throughout a 
f u l l twenty four hour period before making predict ions of consumption 
over long periods. 
The nitrogen balance method, used by Gerking (1964), i s possibly 
the most accurate technique developed so f a r . The rate of nitrogen 
intake over a period of time can be ca lcu la ted for captive f i s h by 
summing the rates of nitrogen accumulation i n growth and the rate of 
nitrogen loss through defaecation and excret ion v i a kidneys and g i l l s . 
The K j e l d a l method was used for these measuranents and i t i s r e l a t i v e l y 
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simple to estimate the percentage of nitrogen i n food mater ia l . The 
main advantage of t h i s method i s that f i s h can be taken from the 
na tura l habitat at periodic i n t e r v a l s and t h e i r ra tes of excret ion 
measured immediately. The assumption i s probably correc t that the 
rate of excretion i s a mean value and thus not subject to short term 
f luc tuat ions of food intake . The e f f e c t of handling on rates of 
excret ion i s however open to conjecture. Hence,without f a r more 
experimental evidence than e x i s t s at present, t h i s method must be 
accepted only with reservat ion , as i s true of other energy balance 
techniques. 
Without a r e l i a b l e technique of measuring consumption d i r e c t l y , 
i n the f i e l d , the most r e a l i s t i c method appears to be one based on 
the creat ion of laboratory conditions as near to natura l as poss ib le . 
The re la t ionsh ip may then be measured between growth rate and food 
consumption from known r a t i o n s . This may then be used to predict 
consumption from growth rate observed i n the f i e l d . As pointed out 
by Ricker (1968), the r e l i a b i l i t y of t h i s type of technique w i l l 
depend on how c lose ly v the laboratory condit ions approximate to the 
natura l s ta te . For a small f i s h (such as Gasterosteus used i n the 
present study) i t was considered that a r e l a t i v e l y na tura l metabolic 
rate could be achieved by taking cer ta in precautions regarding f i s h 
density, temperature, l i g h t conditions and food substrate. A d i s t i n c t 
advantage of t h i s method i s that values obtained would represent an 
average over a long period of time. Most previous methods are 
unavoidably subject to inaccurac ies due to short term f l u c t u a t i o n s . 
A further advantage i s that prec ise data could be obtained on the 
ass imi latory e f f i c i e n c y , thus allowing estimation of the energy 
released back into the ecosystem by defaecation. 
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I n order to compare the phys io log ica l s tates of the laboratory 
f i s h wi th w i ld f i s h , f a t analyses of both groups were undertaken at 
the end of the experiment. The f a t l e v e l i s possibly the most 
e f f e c t i v e index for making such a comparison, s ince i t revea l s whether 
growth by weight of w i ld and laboratory .animals should be assigned 
the same c a l o r i f i c value. 
2) Methods. 
Measurement of the energy budget of Gasterosteus aculeatus was 
4* o 
c a r r i e d out i n a constant temperature room at 14 - 1 C, ( t h i s temp-
erature was chosen as i t approximated the mean temperature of the 
pond used i n the f i e l d study - 2 G ) . Human disturbance was 
reduced to a minimum by i s o l a t i n g the experiment tanks i n a l i g h t -
sealed cupboard. Thi s was i l luminated ins ide by two 15 watt f l o u r e s -
cent tubes connected to a time switch. The l i g h t i n g regime was 
maintained at the normal August dayl ight hours, 15 hours l i g h t and 
9 hours dark. F i s h brought into the laboratory were f i r s t allowed to 
acc l imat ize for one week and then starved for 48 hours before wet 
weighing. F i s h were then fed, e i t h e r i n d i v i d u a l l y or i n groups ( i n 
the case of young f i s h ) , i n 3.5 l i t r e tanks. These were blacked out 
from the side to simulate natura l l i g h t from above. Water i n the 
tanks was replaced slowly by siphon every 48 hours with natura l pond 
water at 14°C to prevent unnatural build-up of soluble excretory 
products. 
The f i s h were fed with weighed a l iquots of l i v e Daphnia brought 
regular ly from the f i e l d . Food al iquots were weighed by drying the 
surface moisture on the Daphnia with t i s s u e papery animals were then 
transfered to dry f i l t e r paper before they were brushed into a weighed 
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tube of cooled water. Subsamples were taken p e r i o d i c a l l y and oven 
dried for moisture content. With pract i ce i t was found that Daphnia 
could be wet weighed (with a water content of 91%) wi th an accuracy 
of i 1%. F i s h fed "ad l i b " were given excess of food. A l l uneaten 
mater ia l was siphoned out through a f i l t e r paper a f t er 24 hours. 
The food was then dried and weighed by the method as that used for 
f r e s h Daphnia. S i m i l a r l y , faeces were removed every 24 hours and 
oven dr ied . 
C a l o r i f i c values of f i s h , faeces and Daphnia were measured with 
the Durham exygen microbomb calorimeter. Ash content of a l l materia ls 
o 
was obtained by heating i n a muffle furnace at 500 C for 48 hours. 
Fat ana lys i s of the f i s h was c a r r i e d out by the Soxlet method of f a t 
extract ion from dry mater ia l , using petroleum ether. 
3) Resul ts and Discuss ion. 
I n the ana lys i s of r e s u l t s , i t has been assumed that the rate 
of change of both weight and c a l o r i f i c value of the f i s h during the 
experimental period followed a s t ra igh t l ine r e l a t i o n s h i p . Thus to 
c a l c u l a t e the growth rate and feeding l e v e l (per u n i t energy content 
of f i s h per day), the average of the i n i t i a l and f i n a l c a l o r i f i c values 
has been used. 
The growth curve shown i n f i g . (1) for young Gasterosteus was 
derived from measurements on batches of 10 f i s h over a period of 20 
days. The weights of i n d i v i d u a l f i s h var ied between 0.10 - 0.16 g. 
at the s t a r t of the experiment. Animals were taken from a f i e l d 
stock approximately twelve weeks o ld . So that laboratory data could 
be applied meaningfully to the f i e l d experiments, f i s h were taken from 
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the same pond as used i n the f i e l d experiments described l a t e r . 
Furthermore, both laboratory and f i e l d experiments were run at the 
same time of year (mid J u l y - August) and under s i m i l a r photoperiods. 
For comparison the growth rates measured i n the f i e l d enclosures 
described i n chapter I I are superimposed on the laboratory curve 
i n F i g . 1. Energy used for metabolism was ca lcu la ted by subtract ing 
c a l o r i e s of growth from c a l o r i e s ass imi lated . When t h i s was plotted 
against feeding l e v e l , a s t ra igh t l ine re la t ionsh ip was found, see 
F i g . 2. The possible impl icat ions of t h i s r e la t i onsh ip w i l l be 
discussed l a t e r i n an appendix. 
Energy budgets ( i n the laboratory) at d i f f e r e n t ra t ion l e v e l s 
are presented i n F i g . 3. I t i s c l e a r that the proportions of energy 
used for d i f f e r e n t functions are highly dependant on the amount of 
food eaten. I t i s c r i t i c a l therefore , to s e l ec t a budget appropriate 
to the f i e l d growth rate (and hence food intake) before computing 
population energy budgets. F i g . 3 shows that the e f f i c i e n c y of 
conversion (%) of food (Daphnia) into f i s h f l e s h reached a maximum 
for young f i s h between 70-80 c a l s . f e d / k . c a l . f i s h / d a y ( f i g . 4.) Above 
t h i s value of food intake the maximum growth rate was approached 
( f i g . 1) and further intake appeared as increased metabolism. Growth 
e f f i c i e n c y here i s considered as I v l e v ' s (1964) c o e f f i c i e n t of growth 
of the f i r s t order ( K ^ ) : 
K = A_B. 
G 
When budgets 2,3 of the young f i s h are compared with the energy 
budgets of one year old f i s h (budgets 5,6 F i g . 3) at s i m i l a r feeding 
l eve l s per uni t energy constant of f i s h , i t can be seen that a lower 
growth e f f i c i e n c y was evident i n the older -fish (14% against 4% for 
80 c a l s . / K . c a l . / d a y fed) F i g . 4. A correspondingly higher percentage 
of energy intake was used for metabolism by older f i s h . 
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The ass imi latory e f f i c i e n c y of young f i s h (ca lcu lated by sub-
t r a c t i n g c a l o r i e s released as faeces from c a l o r i f i c food intake) 
var ied between 84% and 86.5%. A trend of s l i g h t l y decreasing e f f i c i e n -
cy was observed with increase i n d ie t , F i g . 6. The trend was sub-
s tant iated when both the ash content and number of calories/gm. of 
faeces are compared with those of the food ( F i g . 5 ) . Both the % ash 
and the c a l o r i f i c value of faeces approaches those of the food at 
the higher feeding l e v e l s , and both curves tend to l e v e l o f f to a 
maximum divergence between the parameters of faeces and food when the 
feeding l e v e l f a l l s below about 60 c a l s . / K . c a l . / d a y . This suggests 
that the maximum ass imi la tary e f f i c i e n c y of f i r s t season f i s h fed on 
Daphnia i s approximately 86.5% (the value attained when the feed l e v e l 
drops below 60 c a l s . / k . c a l . / d a y ) . The minimum ass imi latory e f f i c i e n c y 
(84%) was found for f i s h fed "ad l i b " . Thi s lower f igure may r e s u l t 
from the larger volume of food passing through the gut i n a given 
time, rather than a change i n the process of digest ion. 
4) The appl icat ion of laboratory data to predict ion of the energy 
budget of a f i e l d population. 
I t was assumed e a r l i e r that the precautions taken during the 
experimental proceedure were s u f f i c i e n t for the metabolism ( and 
therefore the growth rates ) of f i s h i n both laboratory and f i e l d to be 
d i r e c t l y comparable. However, two r e s u l t s need further consideration 
before the comparison can be accepted. 
F i r s t l y we need to know why the maximum growth rate i n the low 
density f i e l d enclosure i s greater than the maximum growth rate i n 
the laboratory, F i g . 1. This may w e l l r e s u l t from a d i f ference i n 
the foods taken i n the two s i tua t ions . Laboratory animals were 
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maintained on Daphnia. This has a f a i r l y low c a l o r i f i c value 
(4248 cals./g. 150) possibly as a r e s u l t of a high percentage of 
ash (17.9 - Wild f i s h of similar age eat mainly Ostracods, 
Chironomid larvae, Ephemeroptera nymphs and small molluscs (see 
Chapter I I ) . Ostracods have similar c a l o r i f i c values to Daphnia, but 
those of Chironomids and Ephemeroptera are ce r t a i n l y higher (5102 ~ 
150 cals./g. and 5200 ± 100 cals./g. respectively (Ricker 1967)). 
Thus the low density f i e l d population with the high growth rate i s 
probably feeding on food of higher c a l o r i f i c value than the laboratory 
experiments. I n order to t e s t t h i s theory, the f i n a l physiological 
states of the laboratory f i s h were compared with wild f i s h by means of 
a f a t analysis. The graphs i n Fig. 8 ( f a t as a percentage of dry 
weight of the f i s h ) and Fig. 7 ( f i n a l c a l o r i f i c value) show that the 
laboratory f i s h fed "jid l i b " on Daphni a have s l i g h t l y lower values 
than the f i e l d animals. Since the t o t a l weight intake of f i s h fed 
"ad l i b " w i l l be limited by the si z e of the stomach and the rate of 
passage of food, the maximum growth rate i n the laboratory might w e l l 
have been r e s t r i c t e d to a l e v e l proportional to the c a l o r i f i c value of 
the food (assuming s i m i l a r assimilation e f f i c i e n c i e s for different 
food). This phenomenon w i l l not af f e c t the relationship between growth 
and c a l o r i f i c intake below "ad l i b " feeding, and by t h i s argument, 
laboratory feeding l e v e l s below "ad l i b " should s t i l l be applicable to 
f i e l d growth data. The second and related problem pertinant to the 
estimation of food intake from measured growth rates concerns the 
fundamental reasons for differences i n growth. Are the differences i n 
f i e l d growth rates between the three populations of varying densities 
due to different food intakes, or do they r e s u l t from s i m i l a r intakes 
but different rates of metabolic expenditure? 
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I t i s l i k e l y that f i s h subjected to high densities w i l l exhibit 
unusual patterns of behaviour not found i n normal density populations. 
I t could be argued that an unnatural h i e r a r c h i c a l structure may 
r e s u l t i n higher metabolic expenditure which would decrease the 
growth rate. Normally, a 'pecking order' i s of d i s t i n c t s u r v i v a l 
value to individuals at both the top and the bottom. Lack (1966 p.276) 
states that "Those higher i n the order obtain food with l i t t l e fighting, 
whilst those lower down save time on fights they would otherwise lose, 
and energy can be conserved for searching elsewhere". Murton, 
Isaacson and Westwood (1963) found that i n pigeons, juveniles lower 
i n the hierarchy are displaced by adults i n dispute. Despite t h i s , 
juveniles pecked for food as often as adults and even walked a shorter 
distance. This implies that they were l e s s selective and took food 
rejected by adults. Obviously under normal conditions, where a 
hierarchy e x i s t s , there would appear to be no detrimental affect of 
increased energy expenditure i n individuals lower i n the chain, as 
these e i t h e r move elsewhere or change to sub-optimal food. 
Under enclosed conditions the situation i s probably different. 
Barnett (1955) found that r a t s enclosed at high density often l o s t 
weight i f they were sub-dominant. By analysis of the s i z e of the adrenal 
cortex he concluded that t h i s exhaustion was not merely a consequence 
of violent exercise but of more complex nervous and endocrine changes. 
This i s an important alternative viewpoint because i t stresses that 
although sub-dominant individuals may be able to withdraw to r e l a t i v e l y 
secluded parts of the habitat so that t h e i r l e v e l of a c t i v i t y i s not 
severely altered, changes i n endocrine balance can s h i f t the energy 
budget i n favour of catabolic processes. I t must be remembered that 
animal density i n Harnett's experiment was abnormally high, between 
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sixteen to t h i r t y r a t s per square metre. Under these conditions 
i t i s hardly surprising that pathological symptoms were observed. 
I n my study, the number of f i s h i n the i n the high density 
enclosure (130 fish/sq.m.) was only double the normal pond density 
(65 fish/sq.m.) and i t i s doubtful that the conditions described by 
Barnett are applicable to the situation. Furthermore, young 
Gasterosteus form shoals at the age used i n the experiment. 
Although the average pond density was 65 f i s h per square metre, 
shoals containing up to two hundred young f i s h were often observed 
occupying an area of a quarter of a square metre at any one time. 
The shoaling density was therefore far higher than the average f i s h 
density even i n the high density enclosure. I n addition to t h i s 
shoaling was s t i l l observed i n t h i s enclosure with no v i s i b l e 
abnormalities. I t i s therefore unlikely that metabolism was raised 
at the higher stocking density used. 
Further evidence that food was the most probable factor r e s t r i c t i n g 
i. 
growth rate, can be seen by comparing the indices of stomach content 
presented i n Table 8. , Chapter I I . Stomachs of f i s h taken from the 
high density enclosure were consistently only 40 - 60 % as f u l l as 
those of the f i s h kept at normal density. Thus i t may be. safely 
assumed that the differences i n growth rette observed i n the f i e l d at 
the three specified densities resulted primarily from 1) food li m i t a t i o n 
at the higher densities and 2) a choice of optimal food types from a 
super-abundant supply at the low density. I t was therefore considered 
j u s t i f i a b l e to estimate c a l o r i f i c intake i n the f i e l d from the lab-
oratory curve of c a l o r i f i c intake versus growth rate, whenever the 
f i e l d growth rate f e l l below the point at which the laboratory f i s h 
were fed "ad l i b " . 
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I f a f i s h population consists of individuals of different year 
classes, i t would be necessary to know the relevant energy budgets 
and feeding l e v e l s of each component year c l a s s i n the population 
before a population budget could be constructed. The t o t a l energy 
budget could then be calculated by summing the t o t a l energy flow 
through each component allowing for mortality. Fortunately, the 
majority of Gasterosteus i n my study pond spawned i n early A p r i l of 
t h e i r second summer, and died soon afterwards when j u s t over one year 
old. Therefore, during the two months when my f i e l d experiment was 
i n progress (July - August), the population energy budget was 
equivalent to that of f i r s t season (young) f i s h . The energy budget 
of a single f i s h of average weight on the median day of the experiment 
can now be calculated: 
From the curve i n Fig. 1. i t can be deduced that the approximate: 
daily c a l o r i f i c intake required to produce the growth rate of 10.5 
cals./k.cal./day observed i n the "normal" density f i s h population 
was 80 c a l o r i e s per k.cal. of f i s h . The appropriate energy budget 
for a daily intake of t h i s magnitude i s budget (3) of Fig. 3. 
However, the weight of an average f i s h i n the "normal" population 
was 0.1243 g., not 0.152 g. as i n the l a s t experiment. Hence the 
f i n a l energy flow per day through the average f i s h on the median 
day of the experiment was as shown i n Fig. 9. 
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A P P E N D I X 
POSSIBLE IMPLICATIONS OF THE METABOLISM / FOOD INTAKE GRAPH (FIG. 2) 
When energy used for metabolism was plotted against c a l o r i f i c 
intake a straight l i n e relationship was observed, as Fig. 2. B a s i c a l l y 
t h i s shows that the f i s h i s able to conserve energy when fed on low 
rations by reducing i t s rate of metabolic expenditure. This type of 
relationship i s known i n many other animals, but the fact that i t 
appears to be a straight l i n e i n Gasterosteus could have useful 
implications. I t i s possible that a l l f i s h have such a relationship 
peculiar to the species or age group, at l e a s t under laboratory 
conditions. I f t h i s i s so,then two values, the slope and intercept 
of the l i n e could characterize the entire feeding energetics of that 
species age group at a l l feeding l e v e l s . Palaheimo and Dickie (1966) 
observed a straight l i n e relationship between the log of growth 
ef f i c i e n c y and feeding l e v e l . The physiological basis for both these 
two l i n e s i s probably e s s e n t i a l l y the same because i f the assimilatory 
e f f i c i e n c y i s r e l a t i v e l y constant, food conversion e f f i c i e n c y and 
metabolic expenditure are obviously interdependant. With Palaheimo 
and Dickies curve, the relationship was l i n e a r only between very 
narrow l i m i t s of food intake i n the middle of the range. The r e l a t -
ionship shown i n Fig. 2. i s c l e a r l y more useful than Palaheimo and 
Dickie's equation because i t i s l i n e a r for a l l feeding values between 
starvation and "ad l i b " . I f we assume that the slope of the l i n e 
characterises the f i s h species or age group, i t i s possible that the 
intercept i s demonstrative of the metabolic l e v e l of the f i s h . I f 
these two values are known from laboratory measurements, a single 
experiment, v i z . starving f i s h under sp e c i f i e d conditions and 
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measuring the loss i n weight, would enable the entire set of energy 
budgets to be defined as i f the f i s h had been fed di f f e r e n t rations 
under these conditions. 
I f these statements are found to be correct, t h i s plot could 
be a highly.effective tool i n f i s h ecology. At the present time i t 
i s impossible to ascertain acurately, the metabolic rate or energy 
budget of f i s h i n the wild state. I t would seem r e l a t i v e l y simple 
to develop a technique whereby f i s h could be enclosed i n a completely 
wild situation i n the absence of food. The resultant loss i n weight 
over a known period of time could then be used to measure the f i e l d 
metabolic rate and the respective energy budgets. I t would be 
necessary to know the c a l o r i f i c value of the f i s h i n the wild and 
cert a i n assumptions would have to be made about body components which 
are being used up during starvation to provide energy. Without these 
corrections, considerable error could be introduced. 
Another important relationship which could be established from 
the regression equation of the graph i s a formula l i n k i n g food intake, 
growth rate and f i s h s i z e . This formula can be derived as follows:-
I t can be seen that the relationship i n Fig. 2 i s described by: 
R = A - AB = a: + b c ( l ) 
where a = a constant (intercept) 
b = the slope 
A l l values A, B, C are i n 
c a l s . / k . c a l . fish/day. 
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The assimilatory e f f i c i e n c y varies very l i t t l e (Fig. 5 ) . 
Using an average of 85%, no more than 2% inaccuracy w i l l be incured. 
Thus: 
_A = 0.85 (2) 
G 
by substituting (2) into (1) 
0.85C - B = a + be 
C(0.85 - b) = a + B 
C = a + B cals.food/k.cal.fish/day 
0.85 - b" (3) 
For young Gasterosteus i n July / August i t was found that: 
R = 7.432 + 0.6352C 
c = 7.43 + B = 7.43 + B 
0.85 - 0.635 " 0.215 
If,therefore, we know the c a l o r i f i c value of the weight increase 
B, and the mean c a l o r i f i c value of the f i s h , we can calculate the 
amount of food eaten per day. 
I v l e v (1961) showed that the rate of loss i n weight during 
starvation i s i n i t i a l l y steady and high for several days, but then 
begins to decrease. The period for which the energy used for metabolism 
during starvation l i e s on the sane line,which r e l a t e s metabolism and 
consumption at higher feeding l e v e l s , w i l l thus be rather short. That 
i s , the longer a f i s h i s l e f t starving the more i t s metabolism value 
w i l l deviate from the straight l i n e (Fig. 2 ) . A compromise must be 
chosen between the period of time needed to give s i g n i f i c a n t weight 
loss and the period of time before the metabolic rate deviates 
s i g n i f i c a n t l y from the straight l i n e . 
C H A P T E R I I 
FIELD EXPERIMENTS 
l ) Description of s i t e 
Browney Pond l i e s about 4 miles south west of Durham City. I t 
i s approximately 40 metres long by 17 metres wide. (See Fig. 10). 
The southern and western sides of the pond are surrounded by a bank 
one metre high. The north end i s overhung by a dense growth of small 
Alders (Alnus glutinosa) with Juncus spp. at the water l e v e l . The 
pond i s not natural but was dug out i n the 1920's as a reservoir for 
a nearby c o l l i e r y . 
I t has an unusually high b i o t i c potential made possible by the 
contours of the bottom. Half of the area of the pond i s occupied by 
a shallow shelf which supports a f a i r l y diverse standing crop ouhdl 
vegetation, including a dense growth of Elodea canadensis. The rem-
ainder of the pond i s dominated by a deep profundal zone with poor 
vegetation and invertebrate fauna (see Fig. 10). The dimensions of 
t h i s profundal zone would, under the conditions of an average pond be 
e n t i r e l y inadequate to support a large population of Perch (Perca 
f l u v i a t i l e ) . I n Browney Pond, however, the Perch density i s except-
ion a l l y high (approximately one f i s h per two square metres of surface). 
I t must be assumed that the large "shelf" area with i t s correspondingly 
high standing crop of invertebrates and stickleback, provided the food 
reservoir necessary to maintain large predatory f i s h . Thus for a pond 
of t h i s s i z e , the diverse nature of i t s physical structure provided 
an unusually wide selection of ecological niches. 
Two experimental enclosures,measuring two metres square, were 
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constructed as shown i n Fig. 11. These were situated at points 
(1) and (2) i n Fig. 10, see also Plates 1, 2, 3 & 4. The galvanized 
s t e e l s t r i p around the bottom edge was pushed firmly into the muddy 
substratum and mud was piled up about 15 cm. around the outside to 
i s o l a t e the enclosed fauna. When the enclosures were i n place, the 
tops projected about 20 cm. out of the water. The t o t a l f i s h popul-
ation was completely netted from both enclosures and counted to give 
estimates of the i n i t i a l density of stickleback i n the pond. The 
vegetation and remaining fauna were l e f t to s e t t l e for four days 
before restocking with stickleback at known densities on 19th July '72. 
Enclosure (1) was stocked at double the normal pond density (137 f i s h / 
sq.m.) and enclosure (2) at half the normal density (32 fish/sq.m.), 
2) F i s h growth rate 
( i ) Methods and r e s u l t s 
Size distributions of a representative sample of Gasterosteus were 
measured before and after the 6 - 7 weeks experimental periods. F i s h 
length was measured i n the f i e l d by "pricking" onto waxed graph paper 
the positions of snout and t a i l fork. Fig. 12 (a) shows the length 
frequency distributions on 19th July when the enclosures were set up. 
The distributions measured 40 - 48 days after stocking at each respec-
t i v e density are also shown i n t h i s figure. To calculate the mean 
weight of each s i z e c l a s s , a length vs. wet weight relationship was 
obtained from f i s h measuring between 10 to 45 mm. (Wet weights were 
taken after f i r s t drying off surface moisture). I t was found that 
the relationship assumed a s t r a i g h t l i n e after a logarithmic transform-
ation was applied to both variables. By regression i t was found that 
the length - weight relationship of Gasterosteus between 10 - 45 mm. 
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conformed to the formula 
W = .000567 L 2 , 7 6 
(where weight (W) i s i n gms. 
and length (L) i s i n mm. ) 
The regression l ine i s p lo t t ed i n Fig . 13. 
The mean weight of each size class (from F ig . 13) was then m u l t i p l i e d 
by the number of f i s h of tha t size class i n the sample, the t o t a l 
weights of each size class were then summed. The growth rate 
( c a l . g r o w t h / k » c a l . f i s h / d a y ) was calculated assuming l inea r growth 
between 19th July and 30th August. 
( i i ) Discussion of resul ts of growth i n the f i e l d 
The graphs of growth rates at d i f f e r e n t f i s h densit ies (F ig . 14 & 
15) show tha t there i s an inverse re la t ionsh ip between f i s h density 
and mean growth rate measured over the whole period. I t i s probable 
that the i n i t i a l growth rate was lower and that as m o r t a l i t y occured 
the rate speeded up. I t i s l i k e l y that t h i s e f f e c t was more pronounced 
i n the high density enclosure so the t rue growth curve i s probably 
nearer the dotted curves i n F ig . 14. 
I t i s possible to conclude from t h i s data , that the maximum mean 
growth rate at tained by Gasterosteus, kept at a r t i f i c i a l l y low density 
i n Browney Pond during August 1972, was approximately 16 ca l s . / k . ca l . / day . 
The normal f i s h population found i n the pond during t h i s month grew 
at a rate below t h i s value. 
I t was argued i n Chapter 1 that the f i s h w i t h i n both enclosures 
were kept at i n s u f f i c i e n t l y high densit ies to cause changes i n metab-
o l i c rate through behavioral e f f e c t s . This suggests that the sub-
maximal growth rate observed i n normal density f i s h i s caused by a 
r e s t r i c t i o n imposed by f i s h density on the da i ly c a l o r i f i c in take. 
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5) M o r t a l i t y 
Estimates of the magnitude of the various sources of m o r t a l i t y 
are necessary before a population energy budget can be constructed. 
Reliable quan t i t a t ive estimates of predation are probably the most 
d i f f i c u l t of a l l energy values to obtain. Predation rates i n the 
f i e l d can usually be measured only by i n c i d e n t a l observations or 
numerical records of prey contained i n a predators gut at any one time. 
Ana ly t i ca l methods are usually of a semi-quantitative nature and 
estimates of predation rate can usually be r e l i a b l y used only to a 
f i r s t order of magnitude. Dempster (1966), using the p r e c i p i t i n 
t es t on predacious groud beetles, obtained semi-quantitative measure-
ments of predation on larvae of Pier i s rapae. He estimated the time 
f o r which an t i P ie r i s antigen gave a pos i t ive reaction w i t h the gut 
contents of a predator a f t e r i t had eaten a P ie r i s larva. Supported 
by laboratory feeding data, he was able to show that the chance of a 
posi t ive react ion representing more than one feed was small . Thus the 
t o t a l number of pos i t ive tes ts on a sample of predators gave an i n d i c -
at ion of the number of larvae taken during the feeding period. 
The major predator of st ickleback i n Browney Pond was Perch. 
Dytiscus and other predacious water beetles were very rare i n the 
pond, so i t was assumed that m o r t a l i t y during August from invertebrate 
predators was s u f f i c i e n t l y small to be neglected. 
The t o t a l population of Perch was estimated by the mark and 
recapture method using simple Lincoln index. Repeated f i s h i n g w i t h 
hook and l ine was car r ied out to sample the population, and f i s h were 
i n d i v i d u a l l y marked by c l i pp ing the spines of the dorsal f i n i n the; 
manner shown i n Fig. 16. The Lincoln index method assumes that the 
marking of an animal i n no way a l te rs the p robab i l i t y of i t being 
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PLATE V 
Method of stomach pumping of Perch. 
PLATE VI 
Apparatus used f o r extract ion of Oligochaetes. 
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recaptured and that the marked animals d i s t r i b u t e themselves randomly 
i n the population. Clearly nei ther of these two pre-requisi tes could 
be s a t i s f i e d w i t h f i s h and t h i s method of capture. I t was therefore 
considered that by releasing marked ind iv idua l s and f i s h i n g from the 
en t i re area of the pond, a random d i s t r i b u t i o n could at least be 
approached. Because of the phenomenon of "hook shyness" i t was 
considered necessary to mark between a quarter and a t h i r d of the 
t o t a l population before the t o t a l estimate could be t e n t a t i v e l y 
accepted. With these precautions i t was f e l t tha t applications of 
the Lincoln index was j u s t i f i e d . 
To avoid depleting the population of these f i s h unduly, a stomach 
pump was designed and constructed i n the manner shown i n Fig . 17. 
This was operated by i n se r t i ng the double tube through the oesophagus 
and i n t o the stomach (see Plate 5 ) . Water could then be forced i n at 
low pressure from the reservoir attached to a standard tyre f o o t pump. 
Stomach contents were simultaneously ejected through the larger o u t l e t 
tube. I t was found that about ICO c c of water were s u f f i c i e n t to 
completely empty the stomach. Unfortunately there was i n s u f f i c i e n t 
time to carry out tests, on the long term e f f e c t s of stomach pumping. 
I t can be t en t a t i ve ly assumed, however, tha t these were neg l ig ib l e 
as 2 of the 44 f i s h pumped i n t h i s way were recaptured and pumped 
again. 
Results and discussion 
The data given i n table (1) shows tha t s ix f i s h i n g operations 
were necessary before the r a t i o of marked to unmarked f i s h i n the 
sample approached 25%. Had a more e f f e c t i v e and random method of 
sampling been available the data would have been more r e l i a b l e , 
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however, i t w i l l be assumed tha t the combined t o t a l of the l a s t two 
f i s h i n g operations give the most r e a l i s t i c population estimate. 
Since the method of capture involved food ba i t , the method was 
selective f o r f i s h i n the process of feeding. For the purpose of 
estimation of predation rates, i t was necessary to assume that a l l 
f i s h i n the pond fed simultaneously. 
Table I I Results of stomach pumping 
Perch 
Size 
Total No. 
of stomachs 
pumped. 
Tota l No. of 
stomachs cont-
aining st ickleback 
Total No. 
of 
st ickleback 
Perch No. 
St ickle .No. 
y 200 gm. 16 4 25% 5. 3.2 
200 gm. 30 7 23% 8 3.7 
(mean 3.5) 
I t was found that Perch fed p r imar i ly at two periods during the 
day, once i n early morning and again i n l a te afternoon. Their 
stomachs usually emptied between feeding periods. The resu l t s 
presented i n Table I I were taken from samples caught during both 
feeding periods and are the t o t a l s from 44 f i s h taken on four seper-
ate dates (10 f i s h per day) during the experimental period ( Ju ly -
August). 
I n two cases skele ta l remains of s t ickleback were the only items 
present i n the Perch's stomach. I t i s therefore probable tha t a small 
bony f i s h such as stickleback, eaten during e i the r of the feeding 
periods w i l l remain i n the stomach u n t i l the end of that feeding period. 
Without f u r t h e r data on the time of re tent ion, we w i l l assume tha t the 
average stickleback/perch r a t i o represents the mean number of s t i c k l e -
back taken by a Perch i n any one feeding period. (This w i l l c l e a r l y 
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be a minimum value as a Perch w i l l have two opportuni t ies of tak ing 
food during a day. 
We can now say that the minimum number of s t ickleback taken from 
the pond,during any one day, by the Perch population present during 
July - August 1972 approximates t o : 
N. where N i s the estimated number of Perch 
P 
and P i s the Perch per Stickleback r a t i o of 
the stomach. 
= 56 - 16 stickleback/day 
Natural M o r t a l i t y 
The population of Gasterosteus was found to be r e s t r i c t ed to the 
shallow weedy area around the "shelf" section of the pond. I t was 
considered that the most accurate method of est imating the mean pop-
u l a t i on density was to use the enclosures before and a f t e r the exper-
iment to i so la te temporarily an area of the "shel f" . The enclosures 
were placed at four d i f f e r e n t posi t ions i n turn along the shelf , on 
18th August and again on 6th September upon completion of the f i e l d 
experiment. The f i s h were then completely netted out from the four 
square metres of enclosed weed and counted. I t was observed that the 
i n s t i n c t i v e behaviour of st ickleback when f r ightened, was to dart 
i n t o the nearest patch of weed and remain s t i l l rather than swim 
away. I t could therefore be assumed that the er ror incurred i n my 
population estimates, due to f i s h swimming away as the enclosure was 
brought down, was small . 
The mor ta l i ty of f i s h w i t h i n the enclosures w h i l s t the density 
experiment was i n progress was deduced from the f a l l i n numbers. 
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Table I I I M o r t a l i t y at d i f f e r e n t densities 
Normal density 
» (ou t s ide enlosures) High density Low density 
O r i g i n a l 
density 67.12 - 15/sq.m. 137.5/sq.m. 32.5/sq.m. 
Final 
density 17.12 - 5/sq.m. 62., 5/sq.m. 18. O/sq.m. 
Mor t a l i t y SO.O/sq.m. 75/sq. m. 14. 5/sq.m. 
% M o r t a l i t y 74% 54% 44%. 
Length of 
experiment 45 days 48 days 48 days 
I t should be noted that the resul ts f o r normal density are the 
combined m o r t a l i t y f igures f o r natura l m o r t a l i t y and predation. 
Within the two enclosures m o r t a l i t y represents na tura l m o r t a l i t y 
only, as the mojor f i s h predators were excluded from the enclosures. 
I t appears from the enclosure result, s tha t the natural m o r t a l i t y 
rate was s l i g h t l y dependant on f i s h density. I t i s possible tha t the 
natural m o r t a l i t y f o r the f i s h at normal density should l i e between 
these two values. We can safe ly accept the maximum natura l m o r t a l i t y 
observed ( that of the high density enclosure group) as the upper 
l i m i t l i k e l y to be encountered under normal density condit ions. The 
di f ference between t h i s and the observed m o r t a l i t y under normal 
conditions was about 20% . There are two possible explanations f o r 
t h i s : -
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1) tha t t h i s f igure represents the true percentage of predation 
of sticklebacks by perch, 
2) that there had been a migrat ion of part of the population t d 
a d i f f e r e n t area of the pond. 
I f we re fer to the size d i s t r i b u t i o n s (Fig. 12) we can see tha t 
a l l the histograms can be divided i n t o a major component and a minor 
component displaced to the r i g h t , ( t h i s d i v i s i o n was probably caused 
by conditions such as weather during the reproductive process). I f 
we consider the modal values of the two components we can see that 
those of the major component of the normal and low density size d i s t -
r ibu t ions , have been displaced equally during the experimental period. 
However, the displacement of the modal values of the minor component 
appears to be d i f f e r e n t . We could e i ther presume tha t larger animals 
i n the d i s t r i b u t i o n enjoy benef i ts not encountered by smaller size 
groups when subjected to low density conditions, or we could assume 
tha t some migrat ion of the upper size classes has taken place i n the 
normal s i t ua t ion which i s prevented by the enclosure i n the low density 
s i t u a t i o n . However, i t was d i f f i c u l t to envisage any area i n the pond 
to which they could move that had not been sampled by the enclosures. 
Furthermore, a sample of f i s h taken from the very edge of the shelf by 
means of a large hand net had a size d i s t r i b u t i o n closely s imi la r to 
that i l l u s t r a t e d i n F ig . 12. The p robab i l i t y that these f i s h had 
moved away from the weed and i n t o deeper water i s discounted, because 
they would have been devoured immediately by perch. 
I t has been stated above that the large, h ighly productive "shelf" 
area i s l i k e l y to act as a food reservoir f o r the large perch populat ion. 
On clear days, perch could be observed swimming onto the "shelf" 
presumably to feed, and i t i s possible that during these feeding 
movements, the larger sizes of st ickleback are se lec t ive ly "cropped" 
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from the "shelf" . I t was not possible to obtain a large enough size 
d i s t r i b u t i o n from perch stomach contents to prove t h i s but a l l f i s h 
remains found i n the perch were above 30 mm. i n length, i e . of the 
upper size component. 
I t must be concluded that the d i f ference between the maximum 
possible na tura l mor ta l i ty and the apparent observed m o r t a l i t y i n 
normal density f i s h i n the f i e l d , was due p r imar i ly to predation and 
not migrat ion out of the area. 
I t has been shown that predation by perch can account f o r about 
56 stickleback/day from the pond. Over the 48 days of the experiment 
t h i s represents 2688 f i s h . The "shelf" area,ie. the area supporting 
the en t i re st ickleback population, was estimated to occupy 256 square 
metres. This means tha t perch must have consumed a minimum of about 
10 sticklebacks/sq.metre ( — 2688 ) . When th i s value i s subtracted 
256 
from the observed m o r t a l i t y a f i g u r e of 59% i s obtained f o r the 
"natural" m o r t a l i t y . Considering the inaccuracies involved i n the 
estimations of predation by perch, t h i s value of 59% agrees favourably 
wi th the highest na tura l mor ta l i ty value possible of 54%. As the 
predation estimates were r e s t r i c t ed at each stage to the minimum values 
possible, i t was to be expected that the estimated value of 59% should 
f a l l s l i g h t l y above the observed value. 
We are now able to add to the population budget the values of 
energy fed to the decomposer level ,by na tura l mor t a l i t y , and energy 
fed to the next trophic l eve l by predation during the study period. 
I f we represent the m o r t a l i t y of the na tura l unconfined population 
graphical ly , we obtain Fig . 18. 
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36 died through 
natural causes 
—13 died through 
predation 
17 a l ive at the 
end of experiment 
c a l o r i f i c value of mean f i s h 
where t = s t a r t o f experiment 
t ^ = end of experiment 
t v = median day 
•i 
I f we know tha t the natural m o r t a l i t y over t h i s experimental 
period of 45 days has accounted f o r 50% (33 f ish/sq.metre) o f the 
33 
i n i t i a l number, we can assume that , on average f i s h w i l l die per 
day = 0.74. 
S imi l a r ly we know that m o r t a l i t y due to predation i s 20% (13 
ind iv idua ls per sq. metre) and we can say that ,13\ = 0.297 f i s h 
w i l l die i n t h i s way every day i n one square metre. 
We can see from Fig . 18 that the number of f i s h surviving on 
the median day w i l l be 42. From Fig . 9 (Chapter I ) we saw that the 
mean c a l o r i f i c value of an average f i s h on the median day was 96.29 
cals . (from 0.1243 g. wet weight) . The standing crop of f i s h on the 
FIGURE 18 
M o r t a l i t y of unconfmed populati 
o 
67 
t o t a l no 
of average 
size f i s h t 
/sq.m 42 17 
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median day i s thus (42 x. 96.29) = 4044 calories/sq.metre. I f 0.74 
f i s h (71.2 cals. ) die from natural causes and 0.297 f i s h (28.59 ca l s . ) 
are fed to the next t rophic leve l sq.m/day, we are able t o modify the 
energy budget f o r i n d i v i d u a l f i s h given i n Fig. 9, Chapter I , to give 
the t o t a l population energy budget on the median day. 
323 cals /d food 
fr. 
235 ca ls /d . 
resperation 
4-
Standing 
crop 
4044 cals 
growth 
42 cals . 
f-6 ca ls /d . 
faeces 
M o r t a l i t y 
105 
cals . 
28.6 c a l / d . 
to next 
t rophic 
l e v e l . 
71 cals /d . to 
decomposers. 
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4) Food re la t ionships 
I n the laboratory experiments described i n Chapter I , the da i ly 
c a l o r i f i c intake of f i s h i n the f i e l d was calculated. I n order to 
evaluate the r e l a t i v e energy f low from each dietory consti tuent i n 
the w i l d , I invest igated how the d i e t was divided among the various 
food items available i n the pond. 
Methods 
Several methods have been proposed f o r the estimation of stomach 
contents of f i s h . Direct enumeration or frequency of occurance of 
constituent food groups are methods o f ten used. These demonstrate the 
species taken but give no informat ion on the r e l a t i v e biomass of the 
component groups. Volumetric and gravimetric methods out l ined by 
Windell ( i n Richer 1968) can be used accurately only on stomachs of 
large f i s h and even then are o f l i m i t e d value f o r conversion i n t o 
ca lor ic values. 
For my pro jec t , a semi-micro method was developed,which should 
be applicable to any small animal w i t h a stomach capacity of 0 .1 to 
20 mg. The resul ts of t h i s method gave informat ion on the percentage 
(of dry weight) of each component of the stomach contents, and also 
provided comparable indices of stomach "fulness" . 
Fish removed from the pond were k i l l e d immediately i n 90$ alcohol. 
The stomachs of between ten and f i f t e e n f i s h were c a r e f u l l y dissected 
out by cu t t i ng through the anter ior and poster ior sphincter muscles, 
thus the volume of food r e l a t i v e to the size of the f i s h was kept 
constant. The stomachs were then placed on to a microscope s l ide and 
the contents squeezed out under a drop of water. The food of each 
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stomach i n tu rn was then sorted i n t o major groups under a binocular 
microscope w i t h dissecting needles, so that a pa r t i cu la r food group 
from a l l the stomachs lay i n a long i tud ina l row along the s l i d e . 
The sl ides were then placed i n a convector oven and dried f o r twenty 
four hours, on each occasion they were handled w i t h rubber gloves. 
The i n i t i a l weight of the s l ide was taken to 0 .1 mg. Each group row 
was then removed i n tu rn by means of a razor blade and the corresponding 
weight loss was measured between the removal of each group. 
This method i s e f f e c t i v e only i f the stomach contents have been 
l i t t l e digested. Clearly then? i s a p o s s i b i l i t y of error i n t h i s 
method since so f t e r , more del icate organisms w i l l be digested more 
rap id ly than more chit inous species. However, i t was found that t h i s 
e r ror could be minimized by manipulating the time of co l l ec t ion to 
occur i n the middle of a feeding period ( i e . early morning or mid 
afternoon). At t h i s time the number of p a r t i a l l y digested organisms 
represented less than 10% by weight of the t o t a l stomach contents. I n 
order to allow f o r er ror due to possible dif ferences i n food select ion 
at d i f f e r e n t times of the day, h a l f the samples were removed during 
the morning feed and ha l f during the afternoon feed. 
To obtain informat ion on the amount of food avai lable i n the 
s t ickleback 's habi tat i n Browney Pond, an estimate of the invertebrate 
standing crop was made at the end of July. A c y l i n d r i c a l core 
sampler was constructed (centre of Plate 3) , which could be pushed 
i n t o the bottom mud to enclose completely a column of water 1000 sq.cm. 
i n cross section. Weed was extracted f i r s t by c u t t i n g i t at the base 
w i t h scissors and removing i t to a bucket. The f ree swimming and mud 
surface fauna were then removed by s t i r r i n g the contents of the c y l i n -
der vigarously and ne t t ing cont inual ly w i t h a 100 mesh/inch plankton 
net, f o r approximately t h i r t y minutes. The mater ia l which had been 
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removed was t a k e n t o t h e l a b o r a t o r y and washed t h r o u g h f i n e E n d e c o t t 
s e i v e s (mesh s i z e s (1 ) 10 , ( 2 ) 4 0 , ( 3 ) 100 m e s h / i n c h ) t o remove s i l t . 
The c o n t e n t s w e r e t h e n hand s o r t e d . 
O l i g o c h a e t e s w e r e e x t r a c t e d w i t h a t e m p e r a t u r e g r a d i e n t t h r o u g h 
w a t e r , u s i n g a p p a r a t u s c o n s t r u c t e d as shown i n F i g . 19 ( a l s o P l a t e 6 ) . 
By hand s o r t i n g a subsample o f t h e s e i v e d m a t e r i a l ( a f t e r e x t r a c t i o n ) 
i t was f o u n d t h a t t h e a p p a r a t u s was a p p r o x i m a t e l y 95% e f f i c i e n t . I t 
was f o u n d t h a t O s t r a c o d s and o t h e r m i c r o - z o o p l a n k t o n c o u l d be f l o a t e d 
o u t e f f i c i e n t l y f r o m subsamples o f t h e f i n e s i l t r e t a i n e d by t h e 100 
mesh s e i v e , by a d d i n g c o n c e n t r a t e d magnesium s u l p h a t e s o l u t i o n . These 
f o r m e d a "scum" w h i c h was d e c a n t e d i n t o a l a r g e c o n t a i n e r and c o u l d 
t h e n be s t i r r e d v i g a r o u s l y b e f o r e s u b s a m p l i n g . The subsamples w e r e 
f i l t e r e d t h r o u g h a Buchner f u n n e l u s i n g f i l t e r pape r r u l e d o f f i n t o 
s q u a r e s . The p a p e r s were t h e n removed and t h e z o o p l a n k t o n c o u n t e d 
under a b i n o c u l a r m i c r o s c o p e . A w e t w e i g h t / d r y w e i g h t c o r r e c t i o n 
f a c t o r was o b t a i n e d f o r z o o p l a n k t o n by oven d r y i n g f i v e h u n d r e d 
i n d i v i d u a l s . 
R e s u l t s and d i s c u s s i o n on f o o d r e l a t i o n s h i p s 
The t o t a l i n v e r t e b r a t e s t a n d i n g c r o p a t t h e end o f J u l y i s 
shown i n T a b l e 4 . T h i s c r o p i s r e p r e s e n t a t i v e o n l y o f t h a t a r e a 
o c c u p i e d by t h e s t i c k l e b a c k p o p u l a t i o n d u r i n g A u g u s t . I t may be seen 
t h a t more t h a n 75% by w e i g h t o f t h e t o t a l s t a n d i n g c r o p i s r e p r e s e n t e d 
by f o u r g r o u p s , n a m e l y ; M o l l u s c s ; z o o p l a n k t o n ; C h i r o n o m i d s and 
O i i g o c h a e t e s ( i n d e c r e a s i n g o r d e r o f s i g n i f i c a n c e ) . I f we now r e f e r 
t o t h e s tomach a n a l y s i s o f n o r m a l d e n s i t y f i s h ( T a b l e 5 ) , we can 
see t h a t m o l l u s c s and z o o p l a n k t o n were t h e c h i e f d i e t o r y c o n s t i t u e n t s , 
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i n t e r m s o f d r y w e i g h t , w i t h C h i r o n o m i d s t h i r d . T a b l e 8 shows t h e 
p r o p o r t i o n s o f t h e s e c o n s t i t u e n t s i n t e r m s o f c a l o r i e s and i n d i c a t e s 
t h a t t h e c h i e f c o n s t i t u e n t was z o o p l a n k t o n . 
Tab le : V I I I Ave rage o f t o t a l s tomach c o n s t i t u e n t s 
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I n C h a p t e r I , F i g . 1 , i t was shown t h a t t h e d a i l y c a l o r i f i c 
r e q u i r e m e n t s o f a y o u n g f i s h g r o w i n g a t 1 0 . 5 c a l s / k . c a l / d a y , ( t h e 
f i e l d g r o w t h r a t e d u r i n g A u g u s t ) , was 80 c a l s / k . c a l / d a y . T h e r e f o r e , 
t h e d a l l y r e q u i r e m e n t s o f an ave rage f i s h ( o f c a l o r i f i c c o n t e n t 
9 5 . 9 7 c a l s ) on t h e med ian day w o u l d be 7 .68 c a l s . From t h e t o t a l 
c a l o r i e s p r e s e n t i n t h e s tomach o f n o r m a l d e n s i t y f i s h , g i v e n above , 
we can see t h a t on t h e day t h e samples were t a k e n (end o f A u g u s t ) 
t h e average G a s t e r o s t e u s f i l l e d i t s s tomach a p p r o x i m a t e l y t w i c e . 
The e f f e c t o f f i s h d e n s i t y on f o o d s e l e c t i o n 
When f i s h were s u b j e c t e d t o h i g h d e n s i t y t h e m a i n d i e t o r y 
c o n s t i t u e n t s changed f r o m m o l l u s c s and z o o p l a n k t o n t o z o o p l a n k t o n 
and s u r f a c e f l i e s ( T a b l e 6 & 8 ) . The f a l l i n t h e p e r c e n t a g e o f 
m o l l u s c s t a k e n was p r o b a b l y due t o e x h a u s t i o n o f t h e e d i b l e s i z e : 
r ange o f t h i s f o o d s u b s t r a t e . The s t a n d i n g c r o p <8f> z o o p l a n k t o n was 
h i g h ( T a b l e 4 ) and p r o b a b l y had a much f a s t e r r a t e o f t u r n o v e r t h a n 
t h a t o f o t h e r i n v e r t e b r a t e s . Thus i t c o u l d w i t h s t a n d h i g h e r p r e d a t i o n 
p r e s s u r e w i t h o u t o v e r - e x p l o i t a t i o n . E x a m i n a t i o n o f t h e g u t s o f l a r g e r 
G a s t e r o s t e u s o c c u r i n g a t n o r m a l d e n s i t y , showed t h a t s u r f a c e and 
t e r r e s t r i a l f l i e s e t c . , d i d n o t u s u a l l y o c c u r i n t h e s tomachs u n t i l 
f i s h w e r e o v e r 3 5--40 mm. i n l e n g t h . I t t h e r e f o r e seems l i k e l y t h a t 
h i g h d e n s i t y i n d u c e d s u r f a c e f e e d i n g i n f i s h o f s m a l l e r s i z e . 
F u r t h e r e v i d e n c e t h a t f o o d s u p p l i e s ( o f s u i t a b l e s i z e r ange o r 
p a l a t a b i l i t y ) were r e s t r i c t e d i n t h e pond a t t h e s e f i s h d e n s i t i e s , i s 
o f f e r e d by t h e i n d i c e s o f s tomach f u l l n e s s ( T a b l e 8 ) , w h i c h show t h a t 
t h e s tomachs o f h i g h d e n s i t y f i s h were a p p r o x i m a t e l y h a l f as f u l l as 
n o r m a l d e n s i t y f i s h . When t h e f i s h d e n s i t y was r e d u c e d t o h a l f 
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" n o r m a l " , t h e p e r c e n t a g e o f C h i r o n o m i d s and E p h e m e r o p t e r a nymphs 
i n t h e d i e t r o s e above n o r m a l . I t i s p o s s i b l e t h a t t h e s e two g r o u p s 
w e r e o p t i m a l f o o d , w h i c h w o u l d e x p l a i n t h e much h i g h e r g r o w t h r a t e 
i n t h e l o w d e n s i t y e n c l o s u r e , as was s u g g e s t e d i n C h a p t e r I . I t i s 
c l e a r t h a t t h e i n d e x o f s tomach f u l l n e s s f o r l o w d e n s i t y f i s h i s no 
h i g h e r t h a n t h a t f o r n o r m a l d e n s i t y f i s h , w h i c h s u p p o r t s t h e a rgumen t 
t h a t t h e i n c r e a s e d g r o w t h o f t h i s g r o u p i s n o t caused by a g r e a t e r 
vo lume o f f o o d . c o n s u m e d . 
C H A P T E R I I I 
THE FUNCTIONAL ROLE OF GASTEROSTEUS I N PROMPTING ENERGY FLOW THROUGH; 
THE BROWNEY POND ECOSYSTEM DURING AUGUST 1972 
A l t h o u g h G a s t e r o s t e u s r e p r e s e n t e d o n l y a b o u t 10% o f t h e t o t a l 
s t a n d i n g c r o p ( o f a p p r o x i m a t e l y 50 k . c a l s / s q . m . ) i n A u g u s t , i t i s 
c l e a r t h a t i t p l a y e d a m a j o r r o l e i n t h e f l o w o f e n e r g y t h r o u g h t h e 
e c o s y s t e m . From F i g u r e 19 i t can be seen t h a t G a s t e r o s t e u s r e p r e s e n t e d 
a b o u t 66% o f t h e b iomass o f t h e seconda ry consumer t r o p h i c l e v e l . 
( shaded p o r t i o n = ) 
(b iomass o f G a s t e r o s t e u s ) 
( a l l v a l u e s k . c a l s / s q . m . ) 
D e t r i t u s 
f e e d e r s 
4 
( A s e l l u s O l i g o c h a e t e s ) 
T e r t i a r y 
consumers 
P e r c h 
G a s t e r p s t e u s 
C o l e o p t e r a + 
H e m i p t e r a 
2 Consumers Leeches 
O d o n a t a 
Herbivores" C h i r o n o m i d s . 
T r i c h c o p t e r a 
M o l l u s c s 
E p h e m e r o p t e r a 
O s t r a c o d s 
F i g u r e 19 T r o p h i c s t r u c t u r e o f e c o s y s t e m 
The component v a l u e s f o r each e n e r g y p a t h w a y , d e r i v e d f r o m e a c h 
o f t h e p r e c e e d i n g c h a p t e r s , have been used t o c o n s t r u c t t h e t o t a l 
d a i l y p o p u l a t i o n e n e r g y b u d g e t f o r G a s t e r o s t e u s i n A u g u s t ( F i g . 2 0 ) . 
Under t h e n o r m a l f i s h d e n s i t i e s i n t h e pond t h e m a j o r pa thway o f 
e n e r g y i n t o t h e s t i c k l e b a c k p o p u l a t i o n was v i a t h e m o l l u s c and z o o -
p l a n k t o n components o f t h e b e n t h o s . A r e s p i r a t o r y l o s s r a t i o f r o m 
G a s t e r o s t e u s , R e s p i r a t i o n ^ o f a b o u t 5 . 5 i 1 was e v i d e n t . T h i s i s 
g r o w t h 
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Figure 20 The t o t a l p o p u l a t i o n energy budget 
a l l values cals/sq.m/day 
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l o w when compared w i t h a n o t h e r c a r n i v o r o u s p o i k i l o t h e r m , B l e a k 
( A l b u r n u s a l b u r n a s ) , w h i c h had a r a t i o o f a b o u t 1 2 . 8 : 1 (Mann 1 9 6 4 ) . 
Mann ' s d a t a , however , was d e r i v e d o v e r a c o m p l e t e t w e l v e - m o n t h p e r i o d 
and i t i s l i k e l y t h a t , i n summer, t h e r e s p i r a t i o n / g r o w t h r a t i o - w o u l d 
be l o w e r t h a n i n w i n t e r , when g r o w t h i s much r e t a r d e d . 
A p p r o x i m a t e l y 36% o f t h e e n e r g y f e d t o t h e G a s t e r o s t e u s p o p u l a t i o n 
was r e t u r n e d t o t h e e c o s y s t e m by n a t u r a l m o r t a l i t y and e x c r e t i o n . The 
ene rgy w o u l d become a v a i l a b l e t o t h e decomposers and d e t r i t u s f e e d e r s 
p r e s e n t i n t h e b o t t o m s e d i m e n t s . I n ag reement , a h i g h s t a n d i n g c r o p 
(12% o f t h e t o t a l e n e r g y ) o f d e t r i t i v o r e s , m a i n l y O l i g o c h a e t e s and 
A s e l l u s , was f o u n d i n t h e pond a t t h i s t i m e o f y e a r . 
The g r o s s e c o l o g i c a l e f f i c i e n c y , d e f i n e d a s : -
c a l o r i e s o f p r e y consumed by p r e d a t o r 
c a l o r i e s o f f o o d consumed by p r e y 
was a b o u t 9% ( 2 8 . 6 ) f o r t h i s f o o d c h a i n , , T h i s compares f a v o u r a b l y 
(323 ) 
w i t h 13% o b s e r v e d by S l o b o d k i n (1959) on a Chlamydomonas D a p h n i a c h a i n , 
7% f o r A r t e m i a / H y d r a ( S l o b o d k i n 1962) and 9% f o r t o t a l b e r b i v o r e s a t 
R o o t S p r i n g s ( T e a l 1 9 5 7 ) . T h i s e f f i c i e n c y f o r s t i c k l e b a c k - p e r c h 
e n e r g y t r a n s f e r i n Browney Pond d u r i n g A u g u s t t h e r e f o r e s u p p o r t s 
S l o b o d k i n ' s (1964) t h e o r y t h a t g r o s s e c o l o g i c a l e f f i c i e n c i e s i n 
n a t u r a l ecosys tems a re o f t h e o r d e r o f 1(3%. 
- 59 -
A THEORETICAL PROBLEM 
I t was t h e i n t e n t i o n o f t h i s p r o j e c t t o i d e n t i f y and i n v e s t i g a t e 
c r i t i c a l pa thways o f e n e r g y f l o w t h r o u g h a f i s h p o p u l a t i o n , t o 
f a c i l i t a t e t h e o r e t i c a l m a n i p u l a t i o n o f t h e s p e c i e s t o r a i s e i t s 
p r o d u c t i v i t y . 
l ) M a n i p u l a t i o n o f d e n s i t y 
A l l e n c u r v e s f o r t h e t h r e e e x p e r i m e n t a l d e n s i t i e s a re g i v e n i n 
F i g , 2 1 , I n t h e f o r m shown, t h e y are n o t r e a l l y comparab le as t h e f i s h 
a t n o r m a l d e n s i t y , - ( u n l i k e t h o s e i n t h e e n c l o s u r e s ) were s u b j e c t t o 
n a t u r a l p r e d a t i o n by p e r c h . I n s e c t i o n 3 o f C h a p t e r I I t h e m o r t a l i t y 
f r o m t h i s s o u r c e o f p r e d a t i o n was e s t i m a t e d t o be a p p r o x i m a t e l y 20% 
a t t h e pond s t i c k l e b a c k d e n s i t y d u r i n g A u g u s t . I f we assume t h a t 
t h e t o t a l m o r t a l i t y c o u l d be r e d u c e d by 20% w i t h t o t a l r e m o v a l o f 
p e r c h f r o m t h e pond , we m u s t c o r r e c t t h e A l l e n c u r v e f o r n o r m a l 
d e n s i t y by a d d i n g t h e 20% m o r t a l i t y t o t h e f i n a l f i s h number . T h i s 
w i l l g i v e us a f i n a l number o f 3 0 . 5 f i s h / s q . m . (dashed l i n e i n F i g . 21 ) 
I f we assume t h a t m o r t a l i t y be tween t h e s t a r t and end o f t h e e x p e r i m -
e n t t o o k p l a c e a t a c o n s t a n t r a t e , we c a n deduce t o t a l f i s h p r o d u c t i o n 
by c o u n t i n g t h e squares u n d e r t h e A l l e n c u r v e s , be tween t i m e ( 0 ) and 
t i m e ( 1 ) a f t e r t h e method o f A l l e n ( 1 9 5 0 ) . The t o t a l p r o d u c t i o n 
f i g u r e s , p l o t t e d a g a i n s t i n i t i a l s t o c k d e n s i t y , a r e g i v e n i n F i g , 2 2 . 
We can see t h a t t h e t o t a l p r o d u c t i o n was s u r p r i s i n g l y c o n s t a n t o v e r 
a w i d e r a n g e o f d e n s i t i e s . 
I t i s c l e a r f r o m t h i s d a t a t h a t by m o d i f y i n g t h e p o p u l a t i o n 
d e n s i t y , l i t t l e change i n t h e o v e r a l l f i s h p r o d u c t i o n c o u l d be a c h i e v e d . . 
W i t h t h e e x i s t i n g f o o d e c o l o g y i n Browney Pond i t i s t h e r e f o r e u n l i k e l y 
t h a t G a s t e r o s t e u s p r o d u c t i o n c o u l d be r a i s e d much above a b o u t 44 c a l s / 
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s q . m e t r e / d a y ( ) d u r i n g A u g u s t . W h e t h e r t h i s s i t u a t i o n i s p r e v a l e n t 
t h r o u g h o u t t h e y e a r i s d o u b t f u l . I f g r o w t h s l o w s down and m o r t a l i t y 
i n c r e a s e s w i t h d e c r e a s i n g t e m p e r a t u r e t o w a r d s w i n t e r , i t mus t be 
s t r e s s e d t h a t A u g u s t was p r o b a b l y t h e m o n t h w i t h : a ) t h e g r e a t e s t 
s t i c k l e b a c k s t a n d i n g c r o p and b ) t h e g r e a t e s t e n e r g y t u r n o v e r r a t e , 
t h e r e f o r e , f r o m t h e p o i n t o f v i e w o f c r o p p i n g a u n i v o l t i n e s p e c i e s 
s u c h E S G a s t e r o s t e u s , t h i s p e r i o d i s t h e mos t i m p o r t a n t . So f a r I have 
c o n s i d e r e d c r o p p i n g f o r maximum p o s s i b l e b i o m a s s . I f on t h e o t h e r 
hand , G a s t e r o s t e u s w e r e a c o a r s e f i s h w i t h a n g l i n g p o t e n t i a l i t i e s , t h e 
r e q u i r e m e n t s w o u l d n o t be maximum p r o d u c t i o n b u t maximum i n d i v i d u a l 
s i z e a t t h e expense o f p r o d u c t i v e e f f i c i e n c y . I t i s p r o b a b l e t h a t t h e 
g r o w t h r a t e a c h i e v e d i n t h e l o w d e n s i t y e n c l o s u r e was a p p r o a c h i n g t h e 
maximum a t t a i n a b l e f o r t h i s pond d u r i n g A u g u s t , t h e r e f o r e , t h i s d e n s i t y 
w o u l d be t h e op t imum f o r p r o m o t i n g t h e g r e a t e s t g r o w t h i n t h e maximum 
number o f f i s h . 
2 ) M a n i p u l a t i o n o f f o o d 
I t has been shown t h a t f o o d a v a i l a b i l i t y was a l m o s t c e r t a i n l y 
t h e m a j o r f a c t o r r e s t r i c t i n g g r o w t h r a t e a t h i g h d e n s i t i e s , and t h a t 
t h e p e r c e n t a g e c o m p o s i t i o n o f t h e d i e t t h a t gave r i s e t o t h e h i g h e s t 
g r o w t h r a t e ( a t l o w d e n s i t y ) was d i f f e r e n t f r o m t h a t o f f i s h a t n o r m a l 
d e n s i t y . I n p a r t i c u l a r , a t l o w f i s h d e n s i t i e s , f e w e r m o l l u s c s and 
more h i g h - c a l o r i e f o o d s such as C h i r o n o m i d s and E p h e m e r o p t e r a (TafeleES) 
w e r e t a k e n . The i m p o r t a n c e o f z o o p l a n k t o n r e m a i n e d r e l a t i v e l y s i m i l a r 
a t a l l d e n s i t i e s . I t seems t h e r e f o r e t h a t m a n i p u l a t i o n o f t h e h a b i t a t 
t o i m p r o v e g r o w t h o r r e p r o d u c t i v e c o n d i t i o n s f o r e i t h e r m o l l u s c s o r 
z o o p l a n k t o n w o u l d n o t i n c r e a s e g r o w t h o f G a s t e r o s t e u s i n any w a y . 
However , i f t h e p r o d u c t i v i t y o f o p t i m a l f o o d s such as C h i r o n o m i d s o r 
E p h e m e r o p t e r a c o u l d be i n c r e a s e d , t h e r e i s no r e a s o n why t h e g r o w t h 
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rate and hence production of f i s h at high density should not approach 
those c t either of the two lower densities. (The high natural m o r t a l i t y 
rate at high density i s probably a manifestation of food shortage). 
Many Chironomids are f i l t e r feeders, taking suspended particles 
of algae and bacjfcteria (Jonasson and Christianson 1967). Ephemeroptera 
nymphs are mainly grazers, again taking algae as t h e i r p r i n c i p a l food, 
(Jones 1950). Clearly then, a management policy f o r Gasterosteus, i f 
i t were a commercial enterprise, should aim to raise the levels of the 
planktonic algae, which serve as food for these two groups of i n v e r t -
ebrates. T a l l vegetation surrounding the pond could be cleared to 
allow unrestriceted passage of sunlight f o r photosynthesis. Lund (1970) 
describes how the major r e s t r i c t i o n s imposed on algae growth are the 
levels of phosphorous and, to a lesser extent, nitrogen dissolved i n 
water. Phosphorous becomes bound up with cations i n anaerobic mud 
(Hutchinson 1957) thus a r t i f i c i a l recycling of nutrients by periodic 
s t i r r i n g and oxygenation of the bottom sediments could increase the 
pot e n t i a l f o r algal growth. Further investigations would have to be 
carried out to f i n d the extent to which t h i s type of operation could 
be maintained before serious and detrimental algal blooming took place. 
G E N E R A L D I S C U S S I 0 N, 
The contribution made by a species to dbhe community i n which i t 
liv e s has been a subject of much controversy. This has largely been 
due to d i f f e r e n t ideas on how significance i s defined and which 
properties a t t r i b u t e d to a species can be defined as useful. 
Margalef (1969) has proposed that ecological significance i s 
proportional to the t o t a l biomass of a species i n that ecosystem. 
This may w e l l describe the importance of a forest canopy but i s c l e a r l y 
inadequate f o r minor species such as s o i l anthropods which play an 
essential role i n functioning of the system. 
The various forms of di v e r s i t y index proposed by Mac^rther (1955) 
and Margalef (1958) are s i m i l a r l y r e s t r i c t i v e as a measure of 
significance, because the numerical contribution of a species to a 
di v e r s i t y index, does not r e f l e c t i t s contribution to the community. 
Whittaker (1965) suggested that the best single measure of contribution 
i s productivity. Whereas t h i s might be adequate f o r r e s t r i c t e d 
groups of organisms (eg. green plants) where competition i s the main 
i n t e r r a c t i o n between individuals, i t i s not applicable to a varacious 
feeder such as Cactoblastis w i t h a high metabolic rate and low 
productivity. For similar reasons, Macfadyan (1963) has questioned 
the adequacy of metabolic rate as a measure of significance. 
Probably the most acceptable measure of the contribution of a 
species has been proposed by Hurlbert (1971): "the significance;Of:a 
species i s the sum of the changes i n productivity over a l l other 
species which would occur on the removal of that species". This 
c r i t e r i o n allows f o r both an increase or decrease i n productivity 
after the removal of either a r e s t r i c t i v e or beneficial organism 
respectively. 
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Apart from the p r a c t i c a l d i f f i c u l t i e s involved i n t o t a l 
removal of a component species from an ecosystem, (especially i f 
that species i s small) i t gives only an i n d i r e c t measure of the 
contribution. I t t e l l s nothing of the method by which the c o n t r i b -
ution i s made. 
The f a i l u r e to provide a single unifying c r i t e r i o n may have 
been due to a f a i l u r e to recognise the disparate nature of a l l the 
commonly accepted values of "usefulness" of a species. I t i s u n l i k e l y 
that a complex set of variables such as habitat amelioration by a 
species, competition or shelter should be s u f f i c i e n t l y interdependant 
to provide a single descriptive index. Possibly the most s i g n i f i c a n t 
factor which has prevented the development of an index of contribution, 
has been that the classical trophic - dynamic picture developed by 
Lindeman (1942) of ecosystems, i s based on ecologicaly d i s t i n c t 
groupings (trophic levels) which do not exist so simply i n r e a l i t y . 
The d i v i s i o n of ecosystems i n t o groups comprising of herbivors, 
carnivors and producers i s an imposed division, not natural, and 
implies that there i s no energy flow w i t h i n so called'trophic levels'. 
Such a description of a community i s too i n f l e x i b l e to be of use i n 
attempting to measure the contribution of a single species, which may 
take i t s food from several trophic levels. I t i s undeniable that 
r e l a t i v e l y constant r a t i o s of energy interchange may be talcing place 
between the trophic levels as s t r i c t l y defined, j u s t as the r a t i o s of 
the biomass of d i f f e r e n t levels may be r e l a t i v e l y constant. Such 
empirical data as these however, t e l l us nothing of the r e l a t i v e 
importance of d i f f e r e n t components w i t h i n a single trophic level. 
A more workable model might be a community defined i n a c y c l i c a l 
manner, with i n j e c t i o n of energy from photosynthetic producers at 
d i f f e r e n t points i n the cycle (not at a single point) to counteract 
energy l o s t through respiration. The groups arranged i n the order of 
energy flow i n the cycle would be assemblages of species whose members 
promote energy flow i n a similar manner. By t h i s i s meant that a l l 
members of species group A w i l l have similar feeding habits, and a l l 
feed to a greater or lesser extent on most of the constituents of 
species group B. Whether the constituents of group B are primary 
producers, herbivores or carnivores i s i r r e l e v e n t . 
With such a community model we could see the magnitude of the r e a l 
contribution of a species,or group of species,to the maintenance of 
the functioning of ecosystems. This contribution i s measured i n terms 
of energy flow, not physical contributions such as habitat amelioration 
or shelter. 
The fauna of Browney Pond^presented i n the form of such a model 
i n Fig. 23... This i s the simplest possible structure w i t h the minimum 
of major energy pathways. Similar smaller cycles of energy flow w i l l 
i nvariably exist w i t h i n each of these major divisions, but these need 
not be considered as we areinterested now only i n the role of 
Gasterosteus. 
By considering probable values f o r each energy pathway we can see 
that proceeding i n a clockwise d i r e c t i o n : 
A = i s large - energy mainly from molluscs, Ephemeroptera and 
zooplankton fed to both Gasterosteus and Perca 
B = i s large - decomposition upon mo r t a l i t y and energy l o s t i n 
def aecation 
C = i s probably large - bacteria and micro-organisms fed to i n v e r t 
ebrate. f i l t e r feeders (Chironomids, 
Trichoptera etc.) 
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Proceeding i n an anticloclcvvise d i r e c t i o n : 
D = i s small - probably only predation of small f r y by i n v e r t -
ebrate predators 
£ = i s large decomposition and defaecation of invertebrates 
F = i s probably small - predation by f i s h on Asellus 
The standing crop of Gasterosteus was approximately 40% of the 
t o t a l standing crop of f i s h on the "shelf" area. I f we assume that both 
species of f i s h have characteristics of energy intake and output of 
comparable orders of magnitude, then Gasterosteus w i l l contribute 40% 
of energy flows A and B. The t o t a l standing crop of Gasterosteus was 
less than 10% of the t o t a l energy and the production of the small 
invertebrate fauna during August was l i k e l y to have been higher than 
that of Gasterosteus. Therefore, the t o t a l contribution made by 
Gasterosteus to the decomposers w i l l have been small compared with 
that made by the inverterbrate standing crop. 
Although we are able to describe the community only i n terms of 
approximate values of energy flow, t h i s type of analysis of the 
community structure indicates the 'Species contribution' more r e a l i s t -
i c a l l y than c l a s s i c a l trophic - dynamic c r i t e r i a . 
Comparable indices of "function" or "contribution" could be 
derived by expressing the t o t a l energy throughput per un i t time of a 
par t i c u l a r species as a percentage of the t o t a l throughput of i t s 
species group. The data acquired by such an approach could lend i t s e l f 
to mathematical modelling of the system by experimental component 
analysis ( p o l l i n g 1966). Slobodkin (1964) was able to show that 
rates of energy flow i n t o , and out of the trophic levels i n Lindemarfs 
model bore an empirical relationship to each other. I t i s probable 
that similar empiricsms could be found i n an analysis of the sort 
developed above. I t i s further possible that unifying concepts 
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derived from empiricsms could be developed along these, li n e s . For 
instance i n most established communities i n temperate zones, we f i n d 
a r e l a t i v e l y stable background community of larger, slow growing, long-
liv e d species, supported by a comparatively unstable seasoned community 
generally consisting of smaller, faster growing individuals. Mcneill 
and Lawson (1970) pointed out that homiotherms and longer l i v e d 
poikilotherms put more energy in t o r e s p i r a t i o n than do short l i v e d 
poikilotherms. This i s because of increased cost of maintenance with 
l i t t l e growth. 
The stable component w i l l therefore consist of few individuals 
each of large average biomass, which they may achieve at the expense of 
low growth efficiency, high maintenance cost and long l i f e time. On 
the other hand, the transistory component consisting essentially of 
fast growing individuals might achieve high growth e f f i c i e n c y and low 
maintenance cost at the expense of small average biomass and short 
l i f e t i m e . 
When the ecosystem i s considered i n t h i s l i g h t , i t seems possible 
that the stable component acts as a "long term insurance policy" of 
slow transfer to the decomposers of large stores of "bound" energy. 
This "insurance policy" i s probably needed by the unstable seasonal 
component to ensure year to year s t a b i l i t y of standing crop energy. 
Conversely the seasonal component with i t s higher growth e f f i c i e n c y and 
faster growth rate, i s opportunistic i n that i t can e x p l o i t and 
assimilate any short term energy source which the stable component 
would waste. This e f f i c i e n t l y assimilated energy can then be passed 
on to the stable 'reservoir component1 at an appropriate rate. 
I t would be a gross oversimplification to view communities as 
two completely seperate e n t i t i e s joined by a decomposer group. I n 
r e a l i t y , the model described above probably represents two extremes 
between which w i l l be a l l grades of intermediates. Furthermore, the 
- 70 -
model does not presuppose that systems consisting of only seansonal 
species could not exist i n a s e l f perpetuating manner, only that i n 
such a state, long term s t a b i l i t y of standing crop energy would be 
unlikely. 
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C O N C L U S I O N S 
I n experiments carried out during July / August 1972: 
1) the daily c a l o r i f i c intake of young Gasterosteus aculeatus during 
August was estimated from laboratory data to be 80 cals food/k.cal f i s h / 
day; 
2) from f i e l d observations t h i s c a l o r i f i c intake was obtained i n the 
following ways: Molluscs 50.9%, Zooplankton 35%, Ephemeroptera 7.3% 
and Chironomids 6% (expressed as a percentage of the t o t a l c a l o r i f i c 
i n t a k e ) ; 
3) natural growth rate was found to be 10.5 cals growth/k.cal fish/day. 
When the f i s h density was reduced from normal (67 fish/sq.m. on 21 July) 
to half t h i s density, the growth rate increased to 16.2 cals/k.cal/day. 
Similarly when the density was doubled the growth rate dropped to 
8.8 cals/k.cal/day^ 
4) estimates of m o r t a l i t y i n the f i e l d were a) natural mortality 50% 
i n 45 days b) predation by Perch 20% i n 45 days. 
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S U M M A R Y 
A synthesis of the c r i t i c a l pathways of energy flow through 
a w i l d population of Gasterosteus aculeatus i s presented i n an attempt 
to define the functional r o l e of the species i n i t s ecosystem. 
The energy budget and food requirements were calculated from 
laboratory experiments under or near natural conditions as possible. 
A natural population was studied during July / August 1972. By means 
of experimental enclosures, growth rate, m o r t a l i t y and food s e l e c t i v i t y 
under three conditions of population density were measured. 
Results obtained from the f i e l d experiments were used to propose 
a th e o r e t i c a l problem of r a i s i n g Gasterosteus productivity. 
The functional role of Gasterosteus i n i t s ecosystem was defined 
i n terms of trophic - dynamic concepts. An alternative, more 
appropriate, model i s proposed for measuring "species significance". 
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